Discrimnating infarcts fromartifacts in MRl scan data Summary of the

I nvention The present invention relates to nethods of processing M
(magnet i GyposRRSES | magi ng) scans, particularly DW (diptkghadnosiosht ed

i mges) MRl scans. Background of the invention Generally, there are two
types of errors [1] in any observation: systematic and random Systematic
errors tend to shift all neasurenents jn a particular direction. Sone of
the main reasons of such errors are incorrect calibration of an instrunent,
| mproper use of the instrunent, etc. Large systematic errors can be often
be elimnated (e.g. by applying zero correction of the instrument or
repeating the experinent), but snall systenatlc errors w il always be
present since no i nstRiSeRAL : 3 GCAAAAlg. This is the
reason why sever al |ndependent conflrnatlons of experlnental results should
be perfornmed, preferably using different techniques. If an experinent is
performed §hynnﬁwafﬂE5mv®mﬂonall experinental conditions constant, the

t | | ferent hes ons in t tcone, are call ed
(r)gnglggeélr?o I?@rseg{'gfe’fr*%tﬂqrb ?%P%%L{ Bréaceéﬂagrﬁﬁg ﬁg'&@fﬁs is taken as

the mean ofreghisiceah J%&:@n&hﬁarﬁ&@ﬁﬁg"ﬂvﬂ@{ﬁ@élbﬁQvélghtéalfﬁl%géﬁwi’ﬁ error
on the nean. The stan ar deviation can sonetines be 0btai ne repeati ng
t he experirgeans. but in some practical situations it is inpossible to repeat
experinments. In these situations, the know edge of the distribution of
outcone is applied to predict statistical errors. The outcone usually

fol | ows cerBaykarduimief theShvartiohl ons dependi ng on the nature of the
experinment e.g. the Poisson distribution is a combpn outcone in experinments

whi ch ijocl GenarahpURkre BRY tWd'®ypes of errors [1] in any observation: systematic and

random. Systematic errors tend to shift all measurements in a particular

direction. Some of the main reasons of such errors are incorrect calibration of
an instrument, improper use of the instrument, etc. Large systematic errors can
‘be often be eliminated (e.g. by applying zero correction of the instrument or

15 repeating the experiment), but small systematic errors will always be present
since no instrument can ever be calibrated perfectly. This is the reason why
several independent confirmations of experimental results should be performed,
preferably using different techniques.

20 If an experiment is performed several times with all experimental conditions
constant, the outcome is still different. These fluctuations in the outcome are
called random errors (or statistical errors). The value of the outcome is taken as
the mean of observations and the standard deviation is taken as the error on
the mean. The standard deviation can sometimes be obtained by repeating the

25 experiment, but in some practical situations it is impossible to repeat
experiments. In these situations, the knowledge of the distribution of outcome is
applied to predict statistical errors. The outcome usually follows certain known
distributions depending on the nature of the experiment e.g. the Poisson

distribution is a common outcome in experiments which include a count. For the
30 Poisson distribution, standard deviation (o) is related to mean (x) as a=ﬁ7

[1]. Because of the relationship between x and o, one is able to predict an



Poi sson distribution, standard deviation (s ) is related to nean (// ) as s
y[m[1l]. Because of the relationship between mand s , one is able to

predi ct amernerosgs7om t he out come of the experinent (whereTisiceo@mwb@mose is a
result of counts per unit tine); for exanple, Ref. [2] used a Poisson

di stribution-based noi se renoval technique for nucl ear nedical inmaging
since such imagi ng i nvol ves a nunber of decays per unit tine. The process
of MRl acquisition is very conplicated 2

(http://ww. easyneasure. co. uk/ princi pl esnri. aspx,

ht t p: / / waw. estomfybmothie. oatcoese af thé gxpepmena(where ithe /dicdrae Kgrawesyit of

accessed Cctober 23, 07). MRl signal .iptensity has a conpljcate
dependence Qﬂﬁ‘nﬁﬁaﬂﬁr Hﬁﬁgi%%)élf‘%r ?Wﬁ'&r nBe{?f{gPE%‘?ﬁ:ta %@'sﬁﬁﬁﬁgﬁtp‘ﬂ@%qr}fg%ﬁ t ed
protons in ddige axlvat UethSiqh8efdr TRUAeAC GHedital fia i'ng‘_esingbngﬁcﬁ i gy s
in part also related to the count of magnetically excited protons, the

Poi sson di dnvolues aswmberofsiecays peednittimehe di stribution of intensity of
each pixel. In the light of this assunption, an error on the pixel

i ntensity can be predicted. Thus, the reported pixel value can be assuned
to have error equal to where pmis the nean pixel intensity of sone

hypot heti cal, observations. There are varioous kinds of acquisition artifacts
associ at ed W& h MEOcesans ESone MRE dedGquigiionyy is  very  complicated

http://W\I\NV.(H& M_Fgé?@%gwg_%_ﬁﬁp}ihgiﬁggﬁg})p)@ccessed Cct ober 23, 2007)

such as noti og'tlartl lasing art SuUsceptibility artifacts etc.
Sone known hitptMedw.sunnybrmkecareseaact/groups/caediac emritMBRebackgraand ol | ows. Ref

[ 3] presents a Wayelet- based Ri.cian ise rempval for MRI. Ref [4

descri bes aﬁ?cgﬁfﬁ%abﬁht&rné%se%ﬁher'\ﬂg'lg ?'ﬂnﬁul"ﬂe—r‘aitYreH@? oflal o '!913&‘? ng a

parti aljgvol dependahde NRidny pRdfeteReincliding U8t 6P MRS atibsiyP Bkkited

in-plane motion artifacts i'n MRl using a point spread function.” A nore

el abor at e 1Rretonsfin the yexeteduringsthesmagel acgriisition timet pSince rintensity iscidupart si on-
also related to the count of magnetically excited protons, the Poisson
distribution is used to predict the distribution of intensity of each pixel. In the

light of this assumption, an error on the pixel intensity can be predicted. Thus,

15 the reported pixel value can be assumed to have error equal to,/ p, where p,

is the mean pixel intensity of some hypothetical observations.

There are various kinds of acquisition artifacts associated with MRI scans
(some are describe at http://www.mritutor.org/mritutor/artifact.ntm, accessed
20 October 23, 2007) such as motion artifacts,‘aliasing artifacts, susceptibility
artifacts etc. Some known methods to remove artifacts and reduce noise are as
follows. Ref [3] presents a Wavelet- based Rician noise removal for MRI. Ref [4]
describes an approach to noise filtering in multi-dimensional data using a partial
volume data density model. Ref [5] suggests correcting bulk in-plane motion
25 artifacts in MRI using a point spread function. A more elaborate list of these
methods is included in (http://iris.usc.edu/Vision-
Notes/bibliography/medical891 .html, accessed October 23, 2007).



Not es/ bi bl i ogr aphy/ medi cal 891 . html, accessed Cctober 23, 2007). Conputer

ai ded detection (CAD) plays a significant role in aiding accurate nedical

i mage i ntwopo@vmsi7ons in different areas [e.g. 6-10]. TlreTGRE®MAOIGINVENt OF S
have devel oped a suite of CAD systens for acute ischem ¢ and henorrhagic
strokes [ 1 1-13]. One of key algorithns is segmentation of infarcts. Its
accuracy depends on correct discrimnation of infarct fromartifacts.
Accurate and rapid quantification of infarcts fromDW scans is critical in
acute ischemc strokes. Acquisition artifacts |ead to hyperintense regions
in DW MR sCamputersaidied dgteiction 4CAD) piays & sigmificAnt oole in aingaccunater ct s and

artifacts hel ps Lo reduce r{ rct rrerll_{[atlon err ﬁumrar of the
Mvents on TetkLOude TiSerReints i GtEEN et e GeiL TRRPresont cd R
i mages to I.mémhw@da@éwpé@h Sifitel sFFGADLs ﬁﬁém@ﬁﬁtdcgfb istRe@RNSR@| terns,

the al gorithm proposes that an MR inmage o brain, such as a 3D DW i nmage
conpri si ng kerppuhagictsjrokes p11-Hay. anfskemig@nthms|smm@@igh@mpémfara§ed on

2 br ai nwhi (3 aGrreBLABb4RISeh Bola TR bl e inralts FERT iR ol C S e
to elini natgnd epid qliastfidatioh of infhets thﬁbWIM@nbd@Gﬁﬁddl@rﬂéétﬁt@ |§!§Irfem|c
incorrect. This is done by one or nore of: elimnating identified regions

whi ch are ddf@es: Asawﬁts'oaear&famﬂ Igadite Wﬁeﬂw@@s@rﬁe@pns e DYWIMR gnaes

corr esponds, t Iane
(MSP) of theetsgltlfnpffn lf%%gbb%ilt&g?\a %g&}iag{ngqﬁfa\/\ﬁl é‘ﬁ daér}gfdé\%i lté h@dno
have cor r esiptardi segmeletation eadrs.egi ons in one or nore of the ot her scans.
The pr lg)osed al gorithmmay nake it possible to discrimnate between
infarct’'s’ and artifacts in DW scans, and thereby reduce errors in

nor phol ogi cglimfmas & B Mvention

The present invention relates to post-processing segmented MRI images to
increase the accuracy of infarct delineation. |
15
In general terms, the algorithm proposes that an MRI imége of a brain, such as
a 3D DWI image comprising a plurality of 2D DWI scans, which has been
segmented based on the intensity of the pixels in the scan to identify
hyperintense regions of a brain which are candidates to correspond to infarct
20 tissue, is processed to eliminate identified regions for which this identification
was incorrect. This is done by one or more of: eliminating identified regions
which are determined to be similar to the region of the scan which corresponds
to the identified region reflected in the mid-sagittal plane (MSP) of the brain; and
eliminating regions which are determined not to have corresponding identified
25 regions in one or more of the other scané.

The proposed algorithm may make it possible to discriminate between infarcts
and artifacts in DWI scans, and thereby reduce errors in morphological
measurements.

30
The criterion for evaluating the similarity of symmetrically-related hyperintense

regions may employ a numerical parameter which is related to the Poisson error



The criterion for evaluating the simlarity of symmetrically-rel ated

hyperi ntense regions nay enploy a nunerical paraneter which is related to

t he Poi sswo 2600038370 t he intensity of each pixel. This i gchscaussoddoe
expected error in the intensity of each pixel rel ative to a perfect
nmeasurenent of the intensity (the "intensity space" of the pixel) is
typically given by a normal distribution independently of the nature of the
experiment. Two applications of the present technique are: deternination
that there is insufficient evidence that a given 2D scan exhibits an

i nfarct (e.igthe intefsityl mfvaamg pm'é Ohisbebhcadse the expedtedheironinthedetessity

ool ons. ¢ 8 Sirh el Pl 4 & Refeheedhaent Gohg Bl e MMirs o
t hreshol d) ;spaied’ of fhe%ﬂxéﬂPi Sl?ﬁlea%gi%ndﬁ% n@nhabduktrmnbﬁfr?de“dendéﬁ ¥t ng

regi ons whi ch are erroneous ntified as infarcts. The algorithm has the
potential ttbemnatweofihe exa@mmemtr om any infarct processing system In
particul.ar, this approach has application to investigations of thronbolysis
usi ng scans, and to quantify norphol ogi cal properties of a newy

di scover ed Twé applicationsef tieprisgnt tdchiicquiecare: Heerimtationstedt th@r@rspduce a
post - processed |matg ,. that image ¥ be used to quantlfxml the diffusion
per f usi on riNSYESIERT avidencs §ha§?29éVQﬁ Pricapaxhibits; apyintaget f.dellowingot e t hat

apart from %n%si M gid
attenuati ondﬂl\é!\?/re%hg{rf\t%%@vgrﬁﬂ?h%{'%%&??gg%arenté\&‘lp’ usi on (':égjeﬂtlhm ent)
are used f atep of elimmtnatinggymmetric regiops gherdarhguntofihd eemdirtimginfadce pr esent
techni ques are of nmost .int in uantlfyln nevvlyln entifi i nfarcts,
and 1 or Ut hdBBIOBRAGES Tt Shed) 3 DineiHh AN, A EBrRAE AP SRgsixEhiA 41

wher ever t hgfarétl ﬂé?ﬁbwﬁ@ ré@bﬁé Rfich &e erréidABlyY R’l@nﬂfle@ag'lﬁfﬁ?&@ is brighter
than the rest of the i mage. So irrespective of the type of inages this

technique is applicable is applicable. The present algorithm nay be

I mpl errerﬂ eory alJofithiy HhEthe thte'ﬁmal o reffove' drtitatts from any infarct processing

system. In particular, this approach has application to investigations of

15 thrombolysis using DWT scans, and to quantify morphological properties of a
newly discovered infarct. Once the algorithm above has been used to produce a
post-processed image, that image may be used to quantify (i) the diffusion
perfusion mismatch and (ii) size of infarct to that of MCA ratio.

20  Note that apart from DWI, other data acquisition techniques such as FLAIR
(fluid attenuation inversion recovery), T2, ADC (apparent diffusion coefficient)
are used for infarct staging. It is presently considered that the present
techniques are of most interest in quantifying newly-indentified infarcts, and for
these DWI is most valuable, but the technique is applicable wherever the “signal

25 of interest” or “ detection of a disease” is brighter than the rest of the image. So

irrespective of the type of images this technique is applicable is applicable.

The present algorithm may be implemented by a computer system. if so, it is
typically performed automatically (which is here used to mean that, although
30 human interaction may initiate the algorithm, human interaction is not required

while the algorithm is carried out). The algorithm might alternatively be



typically performed automatically (which is here used to nean that,

al t hough human interaction may initiate the algorithm human interaction is
not requiwedopiskeot he algorithmis carried out). The alpg®fiichéusodacaht
alternatively beperformed sem -automatically (in which case there is human
interaction with the conputer during the processing). A specific expression
of the invention is a nethod of processing an MR inmage of a brain, the M
i mage conprising a plurality of 2D MRl $cans correspondi ng to respective

pl anes of the brain, the nethod including identifying in each scan one or
mor e hy per iperfensed rsegiiendomiaticdllya(irewhichdiatet therd is humare interadtid® withftaect
tissue in the brain; the nmethod further conprising one or both of: (a)

el i mi nat i nGOMRMES yring r8ﬁ§35'ﬂg%a brai n hemi sphere identified as
containing an infarct which are determned to neet a first simlarity
criterion with respect to a corresponding region of the sane scan | ocated
in a refl ed spegiicexpressiabmithainvedtiemis a methed ahprqdeSEingadn MR imaga; and

b) eli g nating. identifdied _whi ch d i ned not t . d
(o) any Sai o Poal R MR GaEGR erhiial.§ P1da iz, M) aang o RseRidias hor
sai d scans to Rsdprictive pldridatdfane @?aihhmedhewoagﬁclﬁgﬁggaaﬁmﬁfmgqﬁ chlbR scaMent i on

w || now be described, for the sake of exanple reference to the
fol | owi ng @ngwmrigere hypegimtense regipnsiwhish are candidatas tol qassspand hginfarshs  of
first proc | | Ss..an enbodi nent of the invention, for elimnating
pi xel s and%?'g%%n@%v%é& are symetrically related about the MSP, Fig. 2 is
conposed of Fi gthe thed fur(Her comprisingeomeot balof: i | l ustrate (a) simlar
pi xel s _and (b) sim|ar mul té' np| xgl regions in infarct (I) and non-infarct
(N) 10 ?a) eliminating identified regions in a brain hemisphere identified as
containing an infarct which are determined to meet a first similarity criterion with
respect to a corresponding region of the same scan located in a reflected
position about a mid-sagittal plane (MSP) of the scan; and
(b) eliminating identified regions which are determined not to correspond
15 to any said identified region in the corresponding location of the other said

scans.

Brief description of the drawings

20 Embodiments of the invention will now be described, for the sake of example

only, with reference to the following drawings, in which:

Fig. 1 is a flowchart illustrating steps of first process which is an embodiment of
the invention, for eliminating pixels and regions which are symmetrically related
25 about the MSP;

Fig. 2 is composed of Fig. 2(a) and (b) which respectively illustrate (a) similar
pixels and (b) similar multi-pixe! regions in infarct (I) and non-infarct (N)
hemispheres;

30

Fig. 3 is a histogram of pixel intensities a typical DW| MRI image of a brain;



hem spheres; Fig. 3 is a histogramof pixel intensities a typical DW MR
image of a brain;Fig. 4 is a flowhart illustrating sub-steps of first
process wwochowmsan enbodi ment of the invention, for el ipoTsgRicd@osegi ons
whi ch do not have 3D spatial correlation; Fig. 5 illustrates a structuring
el ement used in the nethod of Fig. 4; Fig. 6. shows schematically six M
scans representing consecutive slices of a brain, and colored to illustrate
infact tissue (pale) and nornal tissue (&haded); Fig. 7 is a flowhart of a
first application enploying the process of Fig. 1; Fig. 8 is conposed of
Figs. 8(a) Hig. 8f é5 ahiflowchadwillustratieg usuls-stepsc af r fishgprocess hehiches af Fi g.
7 for a scan _whi.ch is .incorrectl elieved.to contain, infract terigl;
Fig. 9is c%ﬂB%%'EI?”&fOfFﬁhﬁs'.nvgf‘é?X’t g)r ofININGHNG HegiotR RIS ggu'i‘?tgﬁﬁ‘l’eciﬂryi ng
out the stepstigf cdritdation:f or a scan which is correctly believed to contain
infract material; Fig. 10 is a flowhart of a second application enpl oying
the processes of Figs. 1 and 7; Fig. 11 is conposed of Figs. 1l1(a) to 1l(e)

11 st r At od g UESaleR 7 bl e LR Trlef R Fid % 6. %7 1
known slice identification technique [13]; Fig. 13, which is conposed of

Figs. 13(a)_.and 13(b) illustrates the effect of varying land 2 on

sensi ti vi t Figan® shaws sehematically:she MRLs¢ans repressntingconserutive slices of a

i1 lustrateg, 8xpPehi nal i j . El to a
known i nf afbggmégézrjre%?t%té{j Bﬁﬁl{uggﬁﬁﬁgﬁéedtF@i?g?qf}g%q%ﬁﬂ %'st% > gF égh?%%d)r esults
of processing three input MR scans (the colum of three scans in Fig.

15(a)) 1‘6' ' %‘-tig.byisaa H(r)\(/)vccz S 0?2 fﬁ’gtog\gplljcgtigrlw %’mpjléyir?g %Let Sreorg:egg o?Fig. 1;

Fig. 8 is composed of Figs. 8(a) to 8(e) which show the results of carrying out
the steps of Fig. 7 for a scan which is incorrectly believed to contain infract
material;

15
Fig. 9 is composed of Figs. 9(a) to 9(e) which show the results of carrying out
the steps of Fig. 7 for a scan which is correctly believed to contain infract

material;

20  Fig. 10 is a flowchart of a second application employing the processes of Figs. 1
and 7;

Fig. 11 is composed of Figs. 11(a) to 11(e) which show the results of carrying
out the steps of Fig. 10;

25
Fig. 12 illustrates experimental data comparing the application of Fig. 7 to a
known slice identification technique [13];

Fig. 13, which is composed of Figs. 13(a) and 13(b) illustrates the effect of
30 varying 4, and 4, on sensitivity and specificity in the application of Fig. 7;



process as shown in Fig. 7; Fig. 16 is an exanple, show ng the inage

obt ai ned by a variation of the process of Fig. 1, using FWHM of the

backgr ournslopeatossgoer ror on each pixel; and Fig. 17 il estrrsazem/obsdoght
regions near the cortical surface boundary and CSF. Detail ed description of
t he enbodi nent Two processes which are enbodi nents of the invention wll
now be described. After this, we wll discuss two applications which enpl oy
one or both of the processes as part of hore conplex algorithnms, which are
al so enbodi nents of the invention. Finally we discuss experinmental results
of the thedegt w diystiates iemperiménthl Hatas tompaciag ghe BEpplicatian ofhFigf 16ytoreet ri ¢
artifacts The in t otheflrs oces sa2DDW scan (or a plurality
of such sl iKnawn E‘Lﬁ’ﬁ ﬁ%Q’HeBtIaUP%%‘?‘BW'q}fe lal scans of slices at respective
heights in a patient's brain). The flowhart of the first process
(symmetric artifact renmoval) is presented in Fig. 1. This shows how the
first procdsg. 1§|Iln5ta'ate$ntha resuits of (rdDcessing three inpet MRbseans (tee cppinaabf vy

el ons 3 n MRS ERane i Blo, 35FONEresbn britons af shiWan YALE add Bod BUR ' ©

perpend| culmcgg§gggﬁ@wﬁr@de$P This is illustrated in Fig. 2(a) and (b),
which illustrate respectively how single pixels and multi-pixel regions

maybe symmetrically distributed about the MSP, in infarct (1) and

O a1 A R SRARRE spOlid BRI SHRERY S Rafiffii i hbrotlss ' %7
i denti fi ed,ofdrig. 1,usimyFWHiktdfdoe daskdgroand penkisevéemsikon eactapixeR@da) [ 17] .

The MSP divides the inage into two hem spheres, each side being a close
approxilrﬁ)ation to the mrror inmage of the

Fig. 17 illustrates bright regions near the cortical surface boundary and CSF.

Detailed description of the embodiment

15 Two processes which are embodiments of the invention will now be described.
After this, we will discuss two applications which employ one or both of the
processes as part of more complex algorithms, which are also embodiments of

the invention. Finally we discuss experimental results of the these two

applications.
20
1.1 First process: Elimination of Symmetric artifacts
The input to the first process is a 2D DWI scan (or a plurality of such slices,
such as a plurality of axial scans of slices at respective heights in a patient’s
25  brain).

The flowchart of the first process (symmetric artifact removal) is presented in
Fig. 1. This shows how the first process is used on a single 2D scan, but the
process is typically performed separately for each of a plurality of such scans.
30 The symmetric regions in question are regions of the same shape and size at
the same perpendicular distance from MSP. This is illustrated in Fig. 2(a) and

(b), which illustrate respectively how single pixels and multi-pixel regions may



ot her. Then the hem sphere which contains the infarct is identified, e.g.
using a nethod disclosed by Gupta et al (2008) [14]. In a second step 3,

t he hyperwotesasss7egi ons in the infarct hem sphere are Ipalisicedhsoddvos can be
done by obtaining an intensity histogram of the infarct hem sphere. As is
known fromthe prior art, a typical intensity histogramof an M inmage
containing infarct material is as shown in Fig. 1, and includes tw peaks.
The peak at higher intensity is defined&s T 1, and is the approxi nmate
boundary between the hyperintense and i soi ntense nornmal tissue regions.

Pi xel s whi dde bpmenetritallys distributed|igbout dhe@MBPe i dnifatdtaih) and rorsinfaten{Ny i ed
as hyperintense. That is, the image is segnented, with each pixel being

| abel ed as NEYEP®EENse or not. These pixels may be isolated (i.e. single
pi xel regions), or may be part of nmulti-pixel regions. In either case, the
regions are | abeled as hyperintense regions. The regions are generated by
appl yi ng a deginput 20 &Whisganiis liabaled hin d4$g.[ 15s. 1 The asfirst stép 2haf thegfirsh ar e

| cul d ' t t I i xel's in.the. nted regions.,In
ctep 4. 51 o oaet R ERT o i 2L Bk PhaGed I iderErSRemt piin B etiod
cor r espondidiscioddd By NEWIndRi 68kl (20063 T7]. ditkd MBTe dividss the iNBFe 3R o t he
sane shape) in the non-infarct hem sphere is exam ned. The size of region

i s cal cul atheimisphereseeaeh sislecbeingrititloae @ppseximatian tp ghe mirrer image pétheor med

her spr 6 i eer MePg EnBEREE PRERErI, M ifacel K deBAEY. g noay
regi on of trhethodfdisaldsdibby Gupta et as(20085[14)an 5% of the total image size

(excluding the background). If the result of the determ nation of step 6 is
"no", tlfen the situation is as in Fig. 2(b). The nmethod then initiates

(5 S oy A8 SR ORISR W Hipfiglnsre T
labeled. This can be done by obtaining an intensity histogram of the infarct
hemisphere. As is known from the prior art, a typical intensity histogram of an
MRI image containing infarct material is as shown in Fig. 1, and includes two

15 peaks. The peak at higher intensity is defined as T1, and is the approximate
boundary between the hyperintense and isointense 'normal tissue regions.
Pixels which have intensities equal to or greater than T1 are identified as
hyperintense. That is, the image is segmented, with each pixel being labeled as
hyperintense or not. These pixels may be isolated (i.e. single pixel regions), or

20 may be part of multi-pixel regions. In either case, the regions are labeled as
hyperintense regions. The regions are generated by applying a segmentation
algorithm such as [15]. The size of the region are calculated using the total

number of pixels in the segmented regions.

25 In step 4, for each hyperintense région in the infarct hemisphere, a
corresponding mirror region (at the same distance from the MSP and of the
same shape) in the non-infarct hemisphere is examined. The size of region is

calculated.

30 The set of steps indicated as 5 in Fig. 1 is then performed for each of the

segmented hyperintense regions of the infarct hemisphere.



11 once for each pixel of the region. In each set of steps, we refer to the
two symmetric pixels as/ (say in the infarct hem sphere) and ' (say in the
noni nf ar cwoheswmsgdrer e), and their intensities are denot edTRGamd/opE009
respectively. The error on both the pixels (by assum ng that the
Intensities of each pixel obey a Poisson distribution) is therefore

respectively. Let b = PJ - PJ, be the difference of intensities of pixels
/ and/ . Fromthe Law of propagation of ©rrors, [18], the total error on
the difference of intensity is obtained (step 8 as: 3D3Di- ,- where - -

, - - are [fErst] il steer 6 vibtis \deteranidediDthepsize, of Spyrdented )region ef the infrack dPf
on intensity of pixe / and " use this error to estinate the 95%
S ont | donce Hermepbate i letsa0a% g the fattlmage Si7k Lreiuding e baTkareURd). The
pixels ( / and / 1) are considered to have simlar intensities (i.e. there

is no evidence that the intensity of one is due to an infarct), if it is
det er mi ned If ﬁt&a;esuﬂ)oftﬂh@det&imlmtfdne@festea Go[S ‘nbéithen the siuatiersisl asin Fig. t he

95% fid d \.96T .

(et o P, 1O SRR e A&l Ste) 70 o ViiPopRSnof cpBatng, e B 23,
2007) . Mor esygefetrizhlly relbfeg @gmdsamhis’lscddﬁeeby@arrﬁtm%g 6lﬂgﬁéc§}e'ﬂ@fts’t’ébsp8¥@| S as
having simlar intensities can be witten as D1 < where 1lis a

simlarity bapasefer e pivehef ihﬁ/é@ﬁ'@@al:f‘lee@% sef pggtegpsowe\,@fgr teythe twini ch

I f. el
the. result eé“aff"”rﬁ E’é@%%’%'mgﬁéﬁ § i RE, Inf e Fehtetet?) ?ngr« %e/‘@*k 0085 1 s
as in Fig. t héi o C R tﬁehre RERSESS dr@'&érﬂ}té& éﬁm %\yth
t wo sym‘retrlcaly re reglons &step 12). here a’r I Xe in

any ar hipt r arpe £RGF R bBtrﬁﬂﬁz 6|§2§Isr(89"&s‘sﬂﬁf?ﬁ§’cﬁa\f thé’ ntéﬁ@tué@Sf 85cH Pixel obey
a Poisson distribution) is therefore [p, and,[p, respectively.

Let D, = p, — p, be the difference of intensities of pixels jand j'. From the Law

of propagation of errors, [18], the total error on the difference of intensity is
15 obtained (step 8) as:

- 20 (2

where —L,
op;, Op;

6p,-.} =J@*Jp, +1* [, = [p,+ p,

=Jp; ), (=P,

on intensity of pixels jand ;'.

20  We use this error to estimate the 95% confidence interval around the difference
of intensities equal to 0. The pixels (j and ;') are considered to have similar
intensities (i.e. there is no evidence that the intensity of one is due to an infarct),
if it is determined (step 10) that the difference of their intensities lies in the 95%

confidence region around zero ie. D, <1.96T7;

25  (http://mathworld.wolfram.com/Confidencelnterval.html, accessed October 23,
2007). More generally, the similarity criterion for regarding two pixels as having

similar intensities can be written as D, < AT, , where 4 is a similarity parameter.



The error Ek in RK is derived fromthe Law of propagation of errors [ 18]
as: where -- is the partial derivative of R with respect topand f ,. is
t he errorwOpoemssdre i ntensity of j " pixel. The differemrce/schomymanoo
intensities of two regions is calculated (step 13) as: The total error in
the difference of mean intensities of regions is calculated as: 1 - Vo- <.
- Here, dRk and SRk, are errors on Rk and RK which are defined as and E ,.
Any two regions and k' are considered tdOhave simlar intensities if it is
determ ned (step 14) \ha\Dk < 1.967; . Simlar regions are symetric
regi ons wi tBelsivivednvestigatestid efectdtuf wagangrial which iseecquiivaleatr fot expariiger i on
can be varied, such that it is expressed as Dk Tk where 1 is again the
simlarity ¢heasesfidencednterydl®r e ot her confidence intervals. The symetric
regions and symretric pixels with simlar intensities are considered as
artifacts. Specifically, if the determnation in steps 9 and 14 is
negative, the pixel in the infarct hem sphere is excluded fromthe set of
i dentified Anf arct pi i}el s (steps,_10 and 15 respectivel ¥) i Qherwise, it is
o2l

confirmdd tnigrnately, fethe; tesullgebdhe fetarmination ofeptepr Sesonthery thess:

ELi M nati orcol o e Sty ' e | :
di agr am of "SCFIOR% 88T B ST Blee (e IrE e e S ROReRlSon SFHRS
Fig. 4. Thewongymmetridaily-retted degions (SBpMR). iAsagme( thepe aaé Iny pixelspinuamy i ty

of 2D MRl scaps in paralle spaced-apart planes) 2 1. In step 22 we
performthearggfqr)ﬂ\ﬁ?ﬁan ”Joﬁ‘ei'ﬁﬁ@'é"ﬁﬁgﬂﬁ’s%&oﬁé% B &hs. First, inmge
dilation [19-20] is perforned using a structuring el enent obtained by
t aki ng intoR%CLc @},.the spatial error around each pi xel

n J .

j=1

10 The error E, in R, is derived from the Law of propagation of errors [18] as:

$5e) ~ER) BT LB

where OBy is the partial derivative of R, with respectto p, and dp, is the error

p;

on the intensity of j* pixel.

15 The difference of mean intensities of two regions is calculated (step 13) as:
D,=R, -R,.
The total error in the difference of mean intensities of regions is calculated as:

2 2
oD oD
T"z\/(azek 5R"j +(5R_k.5Rk'J =JUFEY +(1*E) =|E7 +E,

k k

Here, R, and R, are errors on R, and R,. which are defined asE, andE,..

20 Any two regions £ and k' are considered to have similar intensities if it is
determined (step 14) thatD, <1.96T, . Similar regions are symmetric regions with
similar intensities. More generally, the similarity criterion can be varied, such
that it is expressed as D, < AT, where 4, is again the similarity parameter, to

explore other confidence intervals.
25



[http://www cis.rit.edu/ htbooks/nri/,
http://ww. sunnybr ook. ca/ resear ch/ groups/cardi ac_nri/ MR _background]. The
sur r oundiwg 20@gisgsvoar ound each pi xel can be regarded aspChscagatobai9 err or

region. The structuring elenment is illustrated in Fig. 5. The i 'hpixel is
the central pixel of the diagram wth co-ordinates (x, y). The m ni num
error region around the i 'h pixel is identified as 1 pixel-w de band

surrounding the /'* pixel in all directildns which is the 3x3 pixel square
ABCD in Fig. 5. W call square ABCD the 1 pixel relationship square.
Simlarly, BguaymRERS iragibng. aﬁdi symrrﬂetm xpib(elselvaﬂ'i ahsilap intpm3ities lare our
investigations. the size_ of t yare was varied from 3x3
pi xel s to LPRSIdpr (}?)?él @S'le\‘ﬁsd Pﬁ?' ycéfrﬁ\sesgﬁ INGSIoRalR; GRS tai”IdaH' is
removal (byegafiVe, h@ﬁe PpiRéIOftEthé | mfarel HePiBYRéreOts 'é?&ﬁfd% 'Fr%% tne é\‘fbke
dilation with 11x11p|xels connects the entire 1 mage which a he
regi onsspat@%ntlﬁfeddbf?é@te@ixeb$Stepi5ri|Q)md dq pespentively). Otharwise, vtes useﬁrnaed

structugin was a mddle value spatial error
square gf ghg %el '%) d% aﬁ{hﬂfa’w%gk I's surrounded by 3 pixels in each
direction, V\/mch is a structuring elenent larger than the one shown in Fig.
5). Second we determ ne 3-D connected regions in the volune [21]. Note
that in eadrlr G tProcass: atidinipatipronel Hegions g1atgrexhipiting f%ﬂf%mp%ﬂ@hpe.
The criterigRefdicedeci ding that regions in consecutive scans are connected
s that at Ieast one pi xel nmust be in common between the hyperintense

regi ons of the consecutive scans. Third, we cal cul ate the nunber of slices

i n whi a_3-D connected re occurs conti nuoys]y, ich is called slice
fr equeﬁgy \ﬁ‘ el r}@(g%g@mﬂ)fﬁﬂ‘éeregt SigRS §Fﬁf%”'§és%gn%ﬂ@t@f cebereseads ve 2D
scans, T egigerlin g, ¥. Thé ifutith 166 fithod Ts 8 APMRCHIAJE(FHLARS = FERIRY 2

has v =2and regi onS 3, have =
of 2D MRI scans |n parallel, spaced apart planes) 21.

In step 22 we perform the following set of image processing sub-steps.
15
First, image dilation [19-20] is performed using a structuring element obtained
by taking into account the spatial error around each pixel
[http://www.cis.rit.edu/htbooks/mri/,
http://www.sunnybrook.ca/research/groups/cardiac_mri/MR_background]. The
20 surrounding region around each pixel can be regarded as the spatial error

region.

The structuring element is illustrated in Fig. 5. The i*pixel is the central pixel of
the diagram, with co-ordinates (x, y). The minimum error region around the i

25 pixel is identified as 1 pixel-wide band surrounding the " pixel in all directions
which is the 3x3 pixel square ABCD in Fig. 5. We call square ABCD the 1 pixel
relationship square. Similarly, square PQRS in Fig. 5 is a 2 pixel relationship
square. In our investigations, the size of the spatial error square was varied
from 3x3 pixels to 11x11 pixels. No dilation corresponds to maximum artifact

30 removal (but can has a higher risk of removal of infarct regions) while dilation

with 11x11 pixels connects the entire image which makes all the regions



Fourth, we determ ne the maxi mumv which is denoted V1113x . In step 23 we

determ ne whether V1113x /total infarct slices is a greater than a

par anmet erwondiwmsimg a significant fraction of the totalcmsschen/odoos! i ces.

For exanple, for cases in which the nunber of interfarct slices is greater

than one, we may take the significant fraction as 0.9. If this

determ nation is negative, the process stops (step 24). O herwise, in step

25 find any regions with v equal to 1. NBte that a region may have v equal

to 1 even if a simlar region appears at the same location (in the 2D space

of the scanspatially ecolergatp 86, dmeowf expesmehtat erestits gwer agédns Structuang 6
Fig. 6). So for each { % r}Hgﬂth v equal to 1 a search is nmade_to find
cor r espondi $l§Mesg i dilatign Vs %é@dd'?h‘@“l‘%ép@i@ ST ISR 8L AKEMHEIS are

regarded asgis t d t 6
ang elim na'gdq?gcﬁﬂt gg!sgélss% ent|6 e %dﬁc?@eﬁ'?ﬁgaﬁc@’rﬁ@ gg %,)

r egi ons f orsthiatlring eleosnt jarger than theemne simvrcmlflgeﬁr)part regi ons
(i rrespesct|ve of how far apart the two scans are which have counterpart
regions)” and also regions for which v is greater than 1, are confirmed as

bei ng i nf argécg 'Wé‘@lefé"rﬁﬁrﬁé %Yrb cohndcfeld’ fgicHPin gRlVAne! [@err\l@@tﬁa&\rﬁ
slice reduction The first application of the processes above (especially

the first peashergjon,dhe gilatedgrgionsdavieon stightly differcnt shapgi The critefrigotfor her e

is insufficj . evl CE ' : t ta A Ll hart to
show t he apéf)‘%?él [ h%FFé@?%R%ﬂ'f gégﬁﬁ&ﬁ% ahg %Iﬁdé% geqegs aﬁjégm@e@éé]t
bel ow. Not epukélahusthmm cemmbemémmmpmmreﬁdeerédlm of ﬂt@r@dns@fcuﬁw 7
and that of Fig. 1 as explained below The input to the applicationis a
set of )i c¥&@N®hi ch have been identified as likely to contain infarct
material, for exanple by an existing automatic slice identification
algorithm[14] which also obtains the hem sphere in which the infarct is
i kel y to bEhirdiiwescaligulste tige mlirgber ohslicearin bdicteg 8rld @dnasctedfregioin ctoeps 3 1

continuously, which is called slice frequencyv. For example in Fig. 6, which
shows a series of consecutive 2D scans, region 1 has v=5 as it occurs in 5

15 consecutive slices. Region 2 has v=2and regions 3, 4, 5 and 6 havev =1.

Fourth, we determine the maximumyv which is denoted v,

In step 23 we determine whether v___/total infarct slices is a greater than a

20 parameter indicating a significant fraction of the total number of slices. For
example, for cases in which the number of interfarct slices is greater than one,
we may take the significant fraction as 0.9. If this determination is negative, the
process stops (step 24).

25 Otherwise, in step 25 find any regions with v equal to 1. Note that a region may
have v equal to 1 even if a similar region appears at the same location (in the
2D space of the scans) after a gap of one of more slices (e.g. regions 2, 4 and 6
in Fig. 6). So for each region with v equal to 1 a search is made to find
corresponding regions in other slices. The regions with no counterpart are
30 regarded as isolated regions which are identified as artifacts (step 26) and

eliminated from the set of indentified infarct regions. Conversely, regions for



of the application, and corresponds to part of step 2 of Fig. 1. In step 32
the hyperintense regions in infarcted hem sphere are obtai ned by excl udi ng
t he pi xelWOREMINRBIO0t hr eshol d val ue, say y . The val ue ofPCy/SG0WWDHONed as
follows. As nentioned above, the second peak in the intensity distribution
of a DW scan (e.g. Fig. 1) represents the normal tissue region (or

I sointense region). If we approximate the nornmal tissue intensity
distribution to Gaussian distribution [1P, the intensity at the peak

maxi mum (T1 ) represents the approxi mate boundary of the hyperintense and

i soi nt ense wbichal equsk te 1r byl there \Afe tdoumtérgadr egidrest (ipespedivei ofhhoew far

threshol d | h the total
on tho. earP R 116 G0 S6RER AT RIF RS PR RGNS A ke euRerier

pi xel s. i rwmcﬁar .sg%étértaﬁﬁ 1Res eorﬁ%meﬂéssem@nﬁfa'ibt%pﬁfdst(gte%az meter, and
exclude all pixels Wwth a lower intensity (step 34 eps 33 and 34

correspond to step 3 of Fig. 1. For the experinent aI results presented
bel ow, used = 1.96 (corresponding to 95% confi dence interval about the
di fference of zero). However, below we al so explore other confidence

intervals tm\Fafsyepgnéﬁ.ohOfaes@b@éuﬁvé BRceefddeetionn results. e now perform
symmetric region identification (step 35, corresponding to step 4 of Fig.

1) , identification of symetric artifacts (step 36, corresponding to steps

cor  espond 1 Hiet Arleator? A1 E1cdRba, Bbofc TeshOtily 6 si BrokepS) Tl e

nunber of ||dénnfmat|pn>cﬁl§|ceelfm1 whieh mrfatththesé i insaffloignttdvidencel that faroind
whet her, this er of resi uaI p er above or bel ow a tal erance

par amet!€r . qu ISRFSER. |‘°S (’c"t’)F aprlicaligp ssdisplavedre Fig.icand s a
fal se posi tth edétbilsC%re P eéé?ﬁed‘BEW Néteaqiﬁ%‘t’?nér{%‘%stéﬁrﬁé MeRaPYANBL S the t hE

slice is con irmed as being an infarct s
flow diagram of Fig. 7 and that of Fig. 1 as explained below.

The input to the application is a set of slices which have been identified as likely

15 to contain infarct material, for example by an existing automatic slice
identification algorithm [14] which also obtains the hémisphere in which the
infarct is likely to be. This existing algorithm can be regarded as a first step 31
of the application, and corresponds to part of step 2 of Fig. 1.

20 In step 32 the hyperintense regions in infarcted hemisphere are obtained by
excluding the pixels below a threshold value, say . The value of is obtained

as follows. As mentioned above, the second peak in the intensity distribution of
a DWI scan (e.g. Fig. 1) represents the normal tissue region (or isointense
region). If we approximate the normal tissue intensity distribution to Gaussian

25 distribution [1], the intensity at the peak maximum (T1) represents the
approximate boundary of the hyperintense and isointense normal tissue region.
We then ignore that pixels with a threshold less than (T1), and determine mean
(R, ), and the total error on the mean (E,, ), of intensity of the remaining non-
infarct hemisphere pixels.

30



In our experiments, we have taken the tol erance paraneter as 0.01% of the
total nunber of pixels in the image after excluding the background. Fig. 8
shows t hewoesadss37of applying the first application to acrtacaesposiodi ve
slice. The infarct hem sphere is represented by I and the non-infarct

hem sphere by N. Fig. 8(a) shows the false positive slice which is input to
the nmethod and after the identification of the MSP. Fig. 8(b) shows the

i nfarct hemi sphere. Fig.8(c) shows the ilfifarct hemni sphere after renoval of

I sointense regions-(i.e. after step 34). Fig. 8(d) shows the imge after

the correspiednow segypoaR, i+ mnwheterd;tishansegs simildrity epdraeretaddand Fi g.
8(e) shows the inage after removal of ons with Dk [.96Tk . It wll be
seen t hat temcwdesal pixets thbtaaldvyerdatems'txgsteha%)t BtepaidBandod4 lso'rrgapomdagi ons

t to t I dentified
{21 56 posi iPveISR: 3 Or by 1Tt T s BRb ThepBhar iR, BEGRriSy ki werfied °
containing pni ﬁQGt(cﬁﬁbgbbﬁdlngA@aQB% chﬁfldiéﬁéér FiteRRIN SHVIRtRe! QiffePdHc@sS BNt ed
by I and the non-infarct hem sphere by N. Fig. 9(a) shows the input infarct

slice. Big.zed¢pHowans, bélew wé ailsy exslotespiher eonfidencelintarvalsdysvarping Af ar ct
hem sphere after renmoval of the isointense region. Fig. 9(d) shows the

i mage aft ertotexplare theneffectuan resultso t he correspondi ng regi ons in non-infarct
hem sphere. Fig. 9(e) shows the inage after renoval of simlar intensity
regions. It will be seen that there are several bright regions, in fact a

nunber of byedHyw peMeth syRtétricliegionl igsTRAtiIeA | StEpL3S, co@r@épbh@m?qg%téﬁ
confirmed as a true infarct scan. 2.2. Second {3 ication: artifact

reducti on i%of higad ptidentiftcagorries syewasitc apiacts{stepn3s.ccarraspondingle stap$| g.
10. Th;@ ap;pb " %ﬁ& P8R Y ff‘anfd' r §§|u8|oRC§F~‘ihé Fﬁﬂnry&n@%%@?i@ I¥70Cess

(Fig ere’1Ts sone ween rst step
4 1 of the cmr@spondjimgctb sfépgsmandswsmtﬁg.t‘e)ps to identify the

In step 38, we determine the number of infract pixels remaining in the slice after
the exclusion, and whether this number of residual pixels is above or below a

15 tolerance parameter. If the number is below the tolerance parameter, the slice is
a false positive slice. If the number is above the tolerance parameter, the slice
is confirmed as being an infarct slice.

In our experiments, we have taken the tolerance parameter as 0.01% of the

20 total number of pixéls in the image after excluding the background.

Fig. 8 shows the results of applying the first application to a false positive slice.
The infarct hemisphere is represented by | and the non-infarct hemisphere by N.
Fig. 8(a) shows the false positive slice which is input to the method and after the
25 identification of the MSP. Fig. 8(b) shows the infarct hemisphere. Fig.8(c) shows
the infarct hemisphere after removal of isointense regions (i.e. after step 34).
Fig. 8(d) shows the image after the corresponding regions in non-infarct
hemisphere N have been added. Fig. 8(e) shows the image after removal of

regions with D, <1.967, . It will be seen that this is almost totally dark, so that the

30 number of bright regions is not equal to the tolerance parameter, and the scan
is identified as a false positive.



hyperi ntense regions, which are then taken as candi date infract regions.
Step 4 1 can be carried out by a known algorithmfor automatic infarct
segnent atworzodwsss7DW vol une data [ 15]. The next step 42cofscetw/oadogorit hm
is to obtain the hem sphere which contains the infarct (this can be done,
for exanple, by the nethod disclosed in [14]), and exclude all the

hyperi ntense segnented regions in the other ("non-infarct") hem sphere.
That is, any regions of the non-infarct lAeni sphere which had previously
been consi dered be candidate infarct regions, are relabeled such that they
no |l onger are. This corresponds broadly to steps 2-3 of Fig. 1.The

al gorithmnext (step 43) identifies symetric artifacts and (step 44)
excludes them This corresponds to steps 4 and 5 of Fig. 1. The algorlthm

next (step @g) g lﬂ@é’d'étéé %rr%%éﬁtﬁhg%kuli@ﬁ'b& Basied &hté’mlﬂgswérbﬁhwéiépﬁr ence

(i.e. the process of Fig. 4), and (step 46) renpves thosé€ artifacts. This
i s the secoM@Ripr dbesdnfardtc hemispheser iserepresarited by Wh@@t&yﬁs nefn-tfarct act -

I h I Fi g.
11(5) sfova T HEBLBE L Fig ) sphne g o RIS ol il Blelngve B T °
artifacts iinfdrtehéraizphbfaifig. feshoWwerthe anfardteianvieghere fterlrbbibvat botise t he
result of synmmetric artifact renoval. Fig. 11(e) shows the result of

renovi ng tH§°'§Fﬁftsieal'qg}°fi-n5i9h@b(@h§h9\é’§it@ﬁsim@el aftefilpe redntsoductigpwfop thes ent
experi ment USH; | Ecatd b ove.
Fifty one gﬂrﬁghgﬁ&rﬁﬁ BF InB’hq 'S s eﬁ%@ﬁ?‘s‘:@g Qégyghgﬁgct&g ﬁgao&egsed
bef ore. (i )afier reasivabof simitardntenisite regiensi Rtiwilitbeosedn theat thbe appbéevartal on of
Fig. 7 sed 36 data set used b 4] . sc ns had i n- pl ane

ol uton Dt GG i 15CA ARt it oeis; SHaS UrG (QISIPARE IAESBOtT. 4 -
14 nm  and gHHRI'sc@h i8 kbRfifned as a true infarct scan.

2.2. Second application: artifact reduction in infarct slices

15
The second application is illuétrated in Fig. 10. This application employs the first
process (Fig. 1) and second process (Fig. 7), so there is some overlap between
Figs. 1, 7 and 10.

20 A first step 41 of the algorithm of Fig. 10 is sub-steps to identify the
hyperintense regions, which are then taken as candidate infract regions. Step
41 can be carried out by a known algorithm for automatic infarct segmentation
from DWI volume data [15].

25 The next step v42 of the algorithm is to obtain the hemisphere which contains the
infarct (this can be done, for example, by the method disclosed in [14]), and
exclude all the hyperintense segmented regions in the other (“non-infarct”)
hemisphere. That is, any regions of the non-infarct hemisphere which had
previously been considered be candidate infarct regions, are relabeled such

30 that they no longer are. This corresponds broadly to steps 2-3 of Fig. 1.



from4 to 36. (ii) To test automatic infarct segnentation (i.e. the
application of Fig. 10 we used 13 DW cases used by [15]. The DW scans had

i n-pl ane weSedoiskPes of 1 nmx 1 mmor 1.5 mmx 1.5 mm paid@odsfiusiod Ce
t hi ckness. The nunber of slices in DW scans was from 27 to 33. The matrix

size of DW scans was 256x256. Note that the 13 DW cases are a subset of
36 dataset used in [14]. (iii) 15 additional data set were used to

denonstrate application of the proposedlél gorithmto inprove results of a
third algorithm|[16]. The DW scans had inplane resolutions of 1.17 nmm X

1.17 mm t o Phet2algotithn?. ekt Btes | 43 iddhitifiss esgmaietfic SartifattdMandrigtepumagr  of

slices from15-20. Gound truth for all the data sets was marked by an
expert. 3. ﬁthéq%séhﬁasmhl%ogwwdséa&m%ﬁ anded alifigndti ¢ Slice and

Hem sphere identification algorithm|[14] was ainmed at automatically
identifying the infarct slices and infarct hem sphere. The results of
automatic dﬁuecalgmnhmf nekt (step dt5)tidentifids furtHerdartifeote: beﬁedsm 13«Dt gpatidd. 981

, SpeCIfICI 514 Sl [ 2 65 Afte roc ssm data with the
current 2 &fﬁ\eﬁ%‘écﬁ ttRPsp‘JOF %5 8? &%), @nd %gp ?trﬁg‘or s thpge grifacts.
sensiti i tyTHis & $feSSbcopRsibbesd Which |§’d@§@f%e<ﬂﬁ| Fig, 9. 7338. Qut of 36 cases,

26 cases showed an inprovenment in results due to false positive slice
renoval . The results of remaining 10 cases were unaffected by the

' t.h ' t | t h d,
Phe change The s Bt 86, Minbya @2 RPESae Pebli (01105 Ditalatiows e
(sensiti vi torigisdesice] Figt )H(B?%hbws t68.se@éerfled éfice.0Fi§ 8% Sc) éﬁbﬁ& tlﬁé ﬂﬁééé' ng
the results for 26 dat a: sen5|t|V|tc}e/h?s pecificity, DS (0 664,

0. 677) .10Th afterdhe jartifastssin the RoRinfaict heispheresirei remsyed: Figl Wdllshe\@md

9. 1% f

eans ve AR LSEU ol W BHIBRTRRASL G 1106 Kok e EbulbP b
the spatially incoherent regions.

3.1. Materials

15 We now present experimental results using the processes and applications
described above. Fifty one DWI scans were used in this study. This is data the
we had used before.

(i) To test automatic slice identification (i.e. the application of Fig. 7 we used 36

20 data set used by [14]. The DWI scans had in-plane resolutions of 0.9 mm x 0.9
mm to 2.4 mm x 2.4 mm, slice thickness of 4 - 14 mm, and number of slices
from 4 to 36.

(i) To test automatic infarct segmentation (i.e. the application of Fig. 10 we
25 used 13 DWI cases used by [15]. The DWI scans had in-plane resolutions of 1
mm x 1 mm or 1.5 mm x 1.5 mm, and 5 mm slice thickness. The number of
slices in DWI scans was from 27 to 33. The matrix size of DWI scans was
256x256. Note that the 13 DWI cases are a subset of 36 dataset used in [14].

30  (iii) 15 additional data set were used to demonstrate application of the proposed
algorithm to improve results of a third algorithm [16]. The DWI scans had in-



insignificant fraction of area as conpared to the maxi num area of infarct
in a slice. By using the proposed algorithmwe are able to renove 31% of

t he fal sewpasidissmoresults. Fig. 12 displays the overal ipcelsangr/onsnoo
sensitivity, specificity and DSI as a result of the current algorithm The
left (light grey) bar of the histogramindicates the results obtained in
[14], while the corresponding right (darker) bars shown the results of the
algorithmof Fig. 7.Fig. 13(a) shows thé7effect of changing Ax and

A2(whi ch, as described above, are enployed in the criteria Dk AlTl1 and R -
AlE , requﬂame!eés(?l]utm}s;dsfm $Ermsn'n:]>'t vj1t7ymﬂ;td Zﬂarminslz}@rﬁndefltcbfthmtmésm, and
Fig. 13(b) shows _the effect on t cificity of infarct slice

i denti fi catQféhd - THEM, @hdinumbepfsli §ﬁ§§6°§b?1§129r vity and specificity
respectively. The sensitivity remains nore or |ess unchanged for val ues of
Al and A2 less than 2. For Al and A2 greater than 2 , sensitivity starts
decr easi ng Grozpgl tyuth Somalethevdatatsets was anarked byicorexqient.t s getti ng

elim na%ed) and attains the value of 86.7% at Al and A2 equal to 3. The
specificity increases continuously with increase in value of Al and A2 to 3

(=79.3% . S$.pcealkk sﬁ@gsgh&éyéd%t,bﬁ I nportant, we have used val ues of both
the paraneters as 1.96 where the (sensitivity, specificity) are (96.6%

66. 6% . The overall increase in (specificity, DSI) is ( 15.2% 6.9% wth

decrease i r T
results of nlﬂé?arc eg‘?’rIiYa&r?t é’f"?%‘ Qﬁllséh%ret 'Héh ﬁca?? él%&@“&ﬁ‘ﬁ&ﬁ%&@ é]%t
sensi ti vi t yautohafidally |aeﬁttﬁyfngCthtaMnFar& §Qe§®ﬁdmﬂar€t Hérbigphée. aThepicgRs &f NY
the data with prgposed algorjthm (i.e. thea[ljllcatlon of Fig. 10 t he

resul t 40ar AUIQEALE : dgtection of mlge gd;%wfmamw 4] gveres, Sansitivi 281,
specificity = 0.514, DSI [22] =0.665. After processing the data with the current

technique (that is, the process of Fig. 7) the results are: sensitivity = 0.9659,
specificity = 0.6660, DSI = 0.7338.

15 Out of 36 cases, 26 cases showed an improvement in results due to false
poéitive slice removal. The results of remaining 10 cases were unaffected by
the processing. If we consider only those cases in which the results changed,
the change in results is as follows: initial results for 26 data: (sensitivity,
specificity, DSI) = (0.982, 0.474, 0.586). After processing the results for 26 data:

20  (sensitivity, specificity, DSI) = (0.958, 0.664, 0.677). Thus, an increase in
specificity and DSl is observed by 19% and 9.1%, respectively, with a decrease
in sensitivity by 2.4%. The false negative slices which were removed had an
insignificant fraction of area as compared to the maximum area of infarct in a
slice. By using the proposed algorithm we are able to remove 31% of the false

25  positive results.

Fig. 12 displays the overall change in sensitivity, specificity and DSI as a result

of the current algorithm. The left (light grey) bar of the histogram indicates the

results obtained in [14], while the corresponding right (darker) bars shown the
30 results of the algorithm of Fig. 7.



Qut of 13 volunes, all the cases showed an inprovenent in results due to
artifact renoval. Only 6 cases had DSI < 0.5 out of the total of 13 cases.
The aver ago 2Dlosgxn t hese 6 cases before processing w t rcescranioo@ogor it hm
was 18.3% After processing with the proposed algorithm the average
increase of DSI is 11.2% The seven cases which had an average DSI of 74.7%
after post processing increased by 4. 7% Thus effect of current processing
is nore significant in cases where therd8are a |arge nunber of artifacts.
The fraction of false positive pixels renoved by the current algorithmis

71% Fi g. 14&igi $8{enyshowetheyeffedt! ofcdtamging a] aedsi t(whichy assdeseribedidbovand DS
as a result of the current algorithm The left (light grey) bar of the

hi st ogr am iardi eatpdsyecdhén rtheuktiteriabbaci®y and [ 54, Bhi,| respeetivady) esptimeli ng
right (darker) bars shown the results of the algorithmof Fig. 10. Since

t he nunber semsitivity of dgtarctvelicei identifigatioof andd-igr ddtb)shovest thie eff¢ctecompithee! s

d i I . he. f . i L |Lxels, specificity.is al S
very 1 arge. LT Rt CfiscicBRuBERlek heb kg TRt o B Shiotansuiiy ZptE”
posi tive pispeiciicity espestivelly, The WemRdRrity repmfifs fnid YorilesosRh¥Aged Fofi -
14. Therefore, DSI is a better neasure to study in this case as It is

i ndependentvadfes o1, ABdatiless fhatels Forhk antkraioreatapthane2esansitivitpstarts
7.6% In [1 we .se nted 15 data (5.each of. | ow, .nedium apd hi artifact
Gens ty) | IORCHRRRG SRR (9Ce FueR e AL SROGN Hage GRANG ARMINEDR SN  om
16] were themn ' the,a [ ' fa R P ;

E:ha]nge I n (seﬁs%)?%??&%dgge%gin?éc%}tﬁ QI%%I;BCZaév%@f@o%ﬁj%.%%Flﬂg@?é@efgég%m %
to (72.27, QiRdoudiy with YacréBSe 9! vaihe \wrd @rhdmé%mﬂfg.g%)?siﬂ(ee 4high

Di scussion One of the goals of stroke CADis to accurately and

aut omatliOc al densitiviptis fimposagtyame havd ussas valees hef Iséthokke pagn@tersTas 9 .96

. t ; t f
| mportan (waﬂerler{hg?ger?s)fttlvit?/, specificity) are (96.6%, 66.6%).

The overall increase in (specificity, DSI) is (15.2%, 6.9%) with decrease in the
sensitivity by only 1.5 %.

15
3.3 Artifact reduction

The results of infarct segmentation algorithm in [15] were as follows: sensitivity
= 0.81, specificity = 0.99 and DSI = 0.60. After processing the data with

20 proposed algorithm (i.e. the applidation of Fig. 10), the results are: sensitivity =
0.793, specificity = 0.993, and DSI=0.676.

Out of 13 volumes, all the cases showed an improvement in results due to

artifact removal. Only 6 cases had DSI < 0.5 out of the total of 13 cases. The
25 average DSI for these 6 cases before processing with current algorithm was

18.3%. After processing with the proposed algorithm, the average increase of

DSl is 11.2%. The seven cases which had an average DSI of 74.7% after post

processing increased by 4.7%. Thus effect of current processing is more

significant in cases where there are a large number of artifacts. The fraction of
30 false positive pixels removed by the current algorithm is 71%.



t hronbol ysi s which requires quantifying the diffusion perfusion m snmatch
and size of infarct to that of MCAratio (b) to provide input paraneters

for studiwg pévRekyong prognostic information |ike quant ipiyisagodolagododpact of
infarct | ocation on stroke severity [23], quantification of patterns of DW

| esions [24] etc. Wile the state-of-the-art algorithns are being devel oped
for achieving the final goal of stroke CAD, the presently proposed

al gorithnms have stand al one applicationd9i n related areas of research. The
enbodi ments nake it possible to discrimnate infarcts and artifacts based

on the fol IRigi ng digpaysey s\airad ehangs apsensitvty, 3pBtficRg and-DIhaY aaesult
notivated by two observati onsg_g‘ip) A first observation is that a normal DW
scan i n an @hdhglcusteni@ladiihr. dheneft{liohteareyp Rar &f the higtegraap rdisataathe y
simlar fe W 3 ' | t T, i a DW
Scan shove EyaRebRIngl IE (5], WG chrreShBRRRG font duleetPhars Siun the 2
nost pr obalreguls of thecdlgorithm ofFigr ¢0. caused by vessel occl usion nost "|ikely
occurs i_n a single hem sphere so it will be much nore hyperintense than the
symTetri5c region in the opposite hem sphere. The enbodi nents quantify

si gni fi cantgidbé fge RRHERTof tRfeeeddtiveUsikad id BEtROLRRALIAbEY %ii&yph(%ik hfg the
I ntensity space of each pixel. (71) The second observation Is at the
i nfarct regsaomsch largerfithendhe false pesitive pixels eapesificity fie abvays. veFrdangegltisis

t hat occur at .di A ocations fromthe atially coherent regions are
et pr obatrall AR bY SRk sNafis if s amBBE bt Blaalndllyé Bt Il RyR)

det er m ni nthd lebafyer inapp&difichy Rt eBséwedoins Fig) ¢4f TRerTbres! DSESs d beteny
cases even the artifacts show 3-D spatial coherence. For that reason, the

enbodi nt Measyrg. toiudy it this 63se ap ikjsandaperdgntrafitue negalivespixatst r The
artifact rejmval imﬁ\‘*éb@%eh?ﬁ#ﬁ%?ist'r'B%Chances of artifacts exhibiting 3-D
romo

spati al coherence. ur observations [15], it is very rare to find an
artifact which is symmetric to an infarct. So the chances of an infarct
being remyved, By 8% egmented 15 data (5 each of low, medium and high artifact density).
In another test of the application of Fig. 10, the results from [16] were then
15 processed using the application of Fig. 10. The.average change in (sensitivity,
specificity, DSI) was from (74.02, 99.69, 67.32) % to (72.27, 99.87, 72.4) %.

The DSI showed an improvement of 5.1%.

4.1 Discussion
20
One of the goals of stroke CAD is to accurately and automatically identify,
segment and measure the stroke region. This is important (a) in context of
thrombolysis which requires quantifying the diffusion perfusion mismatch and
size of infarct to that of MCA ratio (b) to provide input parameters for studies
25 involving prognostic information like quantifying the impact of infarct location on
stroke severity [23], quantification of patterns of DWI lesions [24] etc. While the
state-of-the-art algorithms are being developed for achieving the final goal of
stroke CAD, the presently proposed algorithms have stand alone applications in
related areas of research. The embodiments make it possible to discriminate
30 infarcts and artifacts based on the following two observational properties in DWI
scans. They are motivated by two observations:



al gorithm which enploys 2-D symretry (such as that of Fig. 1) is very |ow,
which in turn enhances the chance of the result of the al gorithm being
spati al | yweynwatsg37e. This is illustrated in Fig. 15. Thectslcaom/odoo8 slices
shown in Fig. 15(a) includes artifacts (in the boxes |abeled A 1, A2 and
A3) which are symetric and spatially coherent. By the process of Fig. 1,
the symretric artifacts removed in slices 1-3 to give the scans of Fig.
15(b), in which only the artifact in boXOB3 has survived. The artifact in
box B3 is renoved by evaluating the 3-D spatial coherence of that region by
a process df) Afigst obsemaﬁogiis'&atraenmrmajIDWhhameinaan akial pllaneeshswarimtlmthd:i g

15(c) . The enbodi nts so nmake ervation that the error
the intensit§MGPE %?Cc‘htog"%(v@ ap%ro&méﬁﬁlb?rrﬂah lesdﬁ’é?'F“%aﬁ"&?{‘%}% §'I7‘la‘?°s
Independentet@f[ebhgspartrwsew@fDvmescan%bwgesvmmaﬁ.cl rwp@ﬁﬂ@r%blrég@mqwbatred
w th the randommess” of the outcome of the experinment. However, since the

mean and st'%ﬁl’ﬂ@ﬂbe@@vﬂhey(ﬂfeomoﬁh@fmb‘mlarﬂfaﬁsr|Mtln@mta¢@33ﬁdbm‘v@§ﬁi

this di st

ot possl bl SusHh, SRS AeR oLEES 15 R cherfilshibe 56 if Wiy BEcFRehRbfe. ot
i nvent or s i mjpeiriatdnsec tmean Ctheedymmeilgctr’egldﬁV\HMthé bpposiRe k@nsigplteriee akhd as
shown in FI%B %)‘ as an estjmate of error on every pixel. Exanple results

from doi ng imente sqyantty i signifigant: giffergngs, of '%‘FYV\HS@GHM dpigsrn
differ encesdlgthgg%lﬁe ndtlr{féflﬁwsgtggg?cgwgaag e | evel of 3 sigma confidence

I nterval aroun erenc zero ere wer e residual s at
hyperi ntense pi xel regions (note that, by contrast, in the Fig. 1 process,

T R BN b e Bl s Bt G ™

This Increaﬁﬁ.ap%h&@n&edrﬁe(?eguan@%ﬁ%mptat At IBCARHIFrEtAE SpatiAkE: Py
definition, errors are proportional to the intensity.
'coherent regions are most probably artifacts. The embodiments detect spatial

coherence by determining the overlap of dilated regions in different slices.

15 In many cases even the artifacts show 3-D spatial coherence. For that reason,
the embodiment of Fig. 10 processes 3-D spatial coherence after symmetric
artifact removal, which reduces the chances of artifacts exhibiting 3-D spatial
coherence. From our observations [15], it is very rare to find an artifact which is
symmetric to an infarct. So the chances of an infarct being removed by an

20 algorithm which employs 2-D symmetry (such as that of Fig. 1) is very low,
which in turn enhances the chance of the result of the algorithm being spatially

symmetric.

This is illustrated in Fig. 15. The column of 3 slices shown in Fig. 15(a) includes
25  artifacts (in thé boxes labeled A1, A2 and A3) which are symmetric and spatially

coherent. By the process of Fig. 1, the symmetric artifacts removed in slices 1-3

to give the scans of Fig. 15(b), in which only the artifact in box B3 has survived.

The artifact in box B3 is removed by evaluating the 3-D spatial coherence of

that region by a process of Fig. 4, to give the result shown as the three scans of
30 Fig. 15(c).



| dentifying pixels which are symretric about the MSP and have siml ar
intensities to renove symmetric artifacts is very sensitive to errors such
as: i nherwoto@ggssm@try in henm spheres, the inter-hen splrerisc26domsenne bei ng
curved to a greater extent, etc. For that reason, the present enbodi nents
by preference consider symetric regions instead of individual pixels for
t he purpose of conparing the intensities. Even while considering the
symmetric regions, due to inherent asymdtry of heni spheres about the MSP,
regions lying close to the cortical surface boundary or too close to the
ventri cl es The emmddtioeptnalsd Inake (USBFf rthg olmséra:iambrpahiat the ﬁ:ﬂrgw?m or
arenchyma., This is shown in Fig. 17, where the ventricle V iC i es on
the NBP hadnispsty PEgash piral i BVERSYR el clstehuitin whicht's dederenient 6 N
hem spher e, f SDETRLALY: | Bi ééﬁé\,g +0f |

regi on at ttﬂgqﬁg%géwght ofI thrfat aNricf]:asfn Sphe!I%%&E?@ﬁ@shgﬁggébtﬁg@?rhggés
cortical suwofftheeoutdomey of thei experinmente Howie varntsincex thei deear »arids steindard

nypor nt Ens SNt 0E os R i3 e Ak Mo P2 Rt T s AU Baendl e e
quanti fi catised & preditl ermrsldhethandabas aeharet itfiaChét ipdshibl to |r@pest itmd ar ct
regions are expected to be those which are above about 5% of the inmage
(excl udi ng auteopa ckigexraitmentslidh In dagte the grresentrinyentaravisitighy gossideredr s

d to inh ' . [ | J vard.at 4.0, ri

ogger \?alt inon . g‘r% I%'Wilil\ﬂroggg%ﬁgiéﬁﬁgﬁﬁgg{% tgkatﬁg S@%ﬁ@l Iger'@'dé)a S g”@&ﬂ%‘@@é@i on,
t he enbodi reerdr @i elery. pikepdxXampie reisults fiom pioke) soareapresentedAnXElR. 16, pi xel

Chom e 4heNefer; hencyReramee Gisec drie s, Of RbehingagEes vhuarLal A r at i o
?;t ygl\%ﬁi(cﬂéyeg Q?:foéﬁgi‘gggar ggﬂﬁ%%ﬁ !riéé;rfr\]/t%f %}I%@dcﬁ?gg% 5&%‘% gﬂ%’?ﬁﬁﬁ iec\tg%{@r atio
as 0.9 is aesidudlsr ati hyperntensé ipixel regions (note that, by contrast, in the Fig. 1
process, we have used 1.96 sigma confidence interval around the difference of
zero). This implies that larger errors need to be assumed for brighter pixels.
15 This increases our confidence in an assumption of Poisson errors since, by

definition, errors are proportional to the intensity.

Identifying pixels which are symmetric about the MSP and have similar
intensities to remove symmetric artifacts is very sensitive to errors such as:
20 inherent asymmetry in hemispheres, the inter-hemispheric fissure being curved
to a greater extent, etc. For that reason, the present embodiments by
preference consider symmetric regions instead of individual pixels for the
purpose 6f comparing the intensities. Even while considering the symmetric
regions, due to inherent asymmetry of hemispheres about the MSP, regions
25 lying close to the cortical surface boundary or too close to the ventricles or
cerebrospinal fluid (CSF) may contain part of background or parenchyma. This
is shown in Fig. 17, where the ventricle V which lies on the MSP has obscured a
part of the bright region adjacent to it on the N hemisphere, and further
asymmetry is caused by the part of the bright region at the upper right of the N
30 hemisphere which is close to the cortical surface. However, since the
embodiments exclude pixels with intensity below T1, the mean of region



the confidence that the infarct occurs at the simlar |location in the
slices (cases with nunber of infarct slices = 1 are excluded for this

anal ysi s)wobhiwoss®modone to avoi d cases in which the infactiscaaewnaont

mul tiple locations and there may be a significant chance that a spatially

I solated region is an infarct. In the case that an infarct occurs mainly in
one region, the chances that spatially isolated regions represent artifacts
are high. One of the assunptions for thi28 algorithmis that the artifacts
are symretric about the MSP. Infarcts that are caused by vessel occl usion
are nost | iiktensity ds het bffected by thednpoirtensppixets dle ts thieebackgroond es tie. g. |
caused by a sudden drop in blood pressure in the presence of bil ateral
stenosi s), PHEAFRYMAray be present in both the heni spheres al most
symmetrically. In such cases, only the spatial coherence test of the
regions is performed. Symmetry based artifact renmoval should not be

performed thed.y Pﬂrﬂh'égq%tﬁicﬁﬁ&ﬁ'io‘f istnﬁém’m{glila?e BRAYaPGY aPfatis! el 41,“%*?9% hat
there is a significant roll angle. In such cases, the symetry about®the
m dsagi t5t alinfdrefregicnsvarel eapedtesinto (% thosg mwhich grebalsede abogtas% b thefmage

Parct r edeshiaideihe Brskaeid)c RinH el Toslihsg st idve Sredunisgud "
addi tion, ti3ghBomMogeratty wdgbw@éémsy mﬁéﬂyﬁ% %ridﬂ&irpauﬁ?]é HbBr bBsERALIGS). |

retai ned by the present’ enpodi nents, includi ng: (i) I'nhonogeneity w thin
the slice drer thifereasonnit a negiafvis egnsidarad asna dargei regiamdhe erabodiment of

ooul tor Cifid- 20 hetlenSC Pigef 18 pik8r PinesBoh okl o Bl CoBRATRGE BV e
i dent i fliged digintayratef latdeasastritidaes tnot ceshpistelyreneveadements. (iii) Large

artifacts may be only fragnented rather than conpletely renoved as we apply
pi xel w se conparison of such regions. Note that, as

The 3-D spatial coherence is tested only in the cases where the ratio of v__ to

the total number of infarct slices is at least equal to a ratio which is considered

significant. The choice of high significant ratio as 0.9 is considered to establish
15 the confidence that the infarct occurs at the similar location in the slices (cases

with number of infarct slices =1 are excluded for this analysis). This is done to

avoid cases in which the infarct occurs at multiple locations and there may be a

significant chance that a spatially isolated region is an infarct. In the case that

an infarct occurs mainly in one region, the chances that spatially isolated
20 regions represent artifacts are high.

One of the assumptions for this algorithm is that the artifacts are symmetric
about the MSP. Infarcts that are caused by vessel occlusion are most likely to
be located in one hemisphere. In some rare cases (e.g., caused by a sudden

25 drop in blood pressure in the presence of bilateral stenosis), infarcts may be
present in both the hemispheres almost symmetrically. In such cases, only the
spatial coherence test of the regions is performed. Symmetry based artifact
removal should not be performed then. During data acquisition, the head may
be tilted such that there is a significant roll angle. In such cases, the symmetry

30 about the midsagittal plane is violated and 2-D symmetry based comparison of
hyperintense regions may be erroneous.



menti oned above, pixel-w se conparison generally does not conpletely renove
the whole region. Nevertheless, it is clear fromthe experinental results

t hat t he wohodiosesths provi de a fast and pragnmati c appr o&chsicasooandood act
renoval . They do not utilize anatony related informati on whose processing
may be chal l enging and nore time consum ng. The present approach al so does
not take into account the location of infarct, which is critical [23-24],
and influences the outcome. The enmbodi m&¥ts can be applied as a stand al one
post processor or be a part of a stroke CAD system and can provide a fast
post-processing tool to reduce artifacts in infarct processing

l'icati In fact, th ocessl n r .the, present enbo |rrent
when i ol onBiERco A iTaRhiS SENRER o A AT RPN HEES R bRck Ehanees!

Bevi ngt on HBshb%thar@ﬁFég@?QHCéddPﬁbrﬁ'iﬁer’érér@rvaﬁ%k)féé&rfsoﬁeéél%e%?WlEﬁ'

Sci ences, MG awHi |1, pp 7 . Bijaour A (19 Denoi si ng
and deconvodrtifactsmay bmrﬂte@edr’m'dhelmesemtrﬁremeecmtsalmcdudmgrence on Image

3 9 | et - bas Ri ci an. noi
Pemoval or  magrioh MEORRgSnely S dhi S1eR and Y2, T8 IR 55 RPN rte-
Processi ng, slicesard ifler Side fihbMiSaenelty1ddrrettionddelge26MY] EakfurtheM s to
Wl liamson DC. (2004) "Noise filtering and testi ng i | lustrated using a

nul ti - di men@haige tharesuts. vol ume nodel of MR data” Proc. BWC, Kingston,

909-919. 5. Lin (Y)f A%nhétrlg\é(rﬁﬁi}tssefagewg 4rf %)c @%{)ﬁ%éﬁ%@?kj%ld%ﬁgﬁé ne,

notion artifacts in using the point sprea
Sept enber , 28y any abthke dritéria studied in the embodlments.
10 (li) Large artifacts may be only fragmented rather than completely

removed as we apply pixel wise comparison of such regions. Note that, as
mentioned above, pixel-wise comparison generally does not completely remove

the whole region.

15 Nevertheless, it is clear from the experimental results that the embodiments
provide a fast and pragmatic approach for artifact removél'. They do not utilize
anatomy related information whose processing may be challenging and more
time consuming. The present approach also does not take into account the

location of infarct, which is critical [23-24], and influences the outcome.

20
The embodiments can be applied as a stand alone post processor or be a part
of a stroke CAD system, and can provide a fast post-processing tool to reduce
artifacts in infarct processing applications. In fact, the processing time for the
present embodiments, when implemented on a matlab platform, was under 1
25 second. |
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hyperintense regi ons which are candidates to correspond to infarct tissue
in the brain; the nethod further conprising one or both of: (a) elimnating
i denti fi estorne@isssmoi n a brain hem sphere identified as eomsa2miongoan
infarct which are determned to neet a first simlarity criterion with
respect to a corresponding region of the sane scan located in a reflected
position about a md-sagittal plane (MSP) of the scan; and (b) elimnating
i dentified regions which are determ ned2dot to correspond to any said
identified region in the corresponding | ocation of the other said scans. 2.
A met hod acClaimisng to claim1 which includes step (a), and in which said
simlarity criterion is that the identified region and the correspondi ng
regi on have respective intensities which differ by less than a val ue which
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identified region whether said simlarity criterionis net; and if the
det er m nat i i@is negative, deternining whether the sinilarity criterion is
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(a) eliminating identified regions in a brain hemisphere identified as
10  containing an infarct which are determined to meet a first similarity criterion with
respect to a corresponding region of the same scan located in a reflected
position about a mid-sagittal plane (MSP) of the scan; and
(b) eliminating identified regions which are determined not to correspond
to any said identified region in the corresponding location of the other said
15 scans.

2. A method according to claim 1 which includes step (a), and in which said
similarity criterion is that the identified region and the corresponding region have
respective intensities which differ by less than a value which is an increasing

20 function of the intensity of the identified region.

3. A method according to claim 2 in which the value is proportional to the
intensity of the identified region.

25 4. A method according to any of claims 1 to 3 which includes step (a) and
further includes:
determining whether the region occupies more than a predetermined
proportion of the scan; and
if the determination is positive, determining pixel-by-pixel in the identified
30 region whether said similarity criterion is met; and
if the determination is negative, determining whether the similarity

criterion is met for the indentified region as a whole.



6. A method according to any preceding claimand including step (b) in

whi ch any identified regions are excluded which are determ ned not to

corr esponsiot200smssand i dentified region in the correspongcngcavaveon of the
nei ghboring scan. 7. A nethod according to any precedi ng claimand
including step (b), including a step of determning, for each identified
regi on of each scan, the nunber of consecutive scans v which contain an
identified region in corresponding | ocaBons, and deterni ni ng anong t he
determ ned values v the maxi mal value V1113x , and term nating step (b) if
V1113x is below a threshold. 8. A nmethod according to any preceding claim

and i ncl udi ng st , step.(b) further .jncluding, djlating the identified
regi ons usié_:g a é?’?%gg‘ﬁﬁpﬁ d_éﬂgae?e?ﬂY P@Peg‘nﬂiﬁlﬂ'ﬂﬂ' E-dWQjE)ﬂG‘ $t8Pa43) %?(Lcedi ng
claimin wipeh fait dradrep of identifying in each scan one or nore

hyperintense regions which are candidates to correspond to infarct tissue
i ncludes: (i) excluding regions of the scan which have intensities below a

first threshol d;, (i etermning the mean intensi f .t he, repai.ni ng
regi ons>of the ﬁ&?ﬁt@ﬁ&c&m @r%nyo?retcﬁ eI ?ﬂéi{rﬁiu%gﬁt?%@ﬁ%i ty: and
(i) excl ughiol ahgadenmicdl reblomserakxBRiIded athith bed ktermifiFRot t& bel ow a
function of the nmean and the error. 10. A nethod of screening a set of 2D

MR scans <&¥iesppbede @gsaid identified segipndn thaeeresppnginglogatien of the brai n, t he

met hod co [: Sk gaq.psi ng the scans by a nethod according to any of the
precedi ng céégﬁn@gydgl ncluding step (a),

10 7. A method according to any preceding claim and including step (b),
including a step of determining, for each identified region of each scan, the
number of consecutive scans v which contain an identified region in
corresponding locations, and determining among the determined values v the

maximal value v_, , and terminating step (b) if v_,_ is below a threshold.

15 :
8. A method according to any preceding claim and including step (b), step
(b) further including dilating the identified regions using

a structuring element.

20 9. A method according to any preceding claim in which said step of
identifying in each scan one or more hyperintense regions which are candidates
to correspond to infarct tissue includes:

(i) excluding regions of the scan which have intensities below a first
threshold; _

25 (ii) determining the mean intensity of the remaining regions of the scan,
and a measure of the error in the mean intensity; and

(iiif) excluding regions of the scan have an intensity which is below a

function of the mean and the error.

30 10. A method of screening a set of 2D MRI scans corresponding to a
respective plurality of planes of a brain, the method comprising:



determ ning for each scan whether the area of the remaining identified
regions is a above a threshold; and if the determnation is negative

excl udi ngwbheossssrof rom t he set of scans. 11. A conput epcspseadoasmanged to
performa nmethod according to any preceding claim '

29

processing the scans by a method according to any of the preceding
claims and including step (a),
determining for each scan whether the area of the remaining identified
regions is a |
5 above a threshold; and

if the determination is negative excluding the scan from the set of scans.

11. A computer system arranged to perform a method according to any
preceding claim.
10



